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A GPS receiver includes a digital signal processor (DSP) 
configured to receive a carrier-modulated Signal and to 
provide an adaptive GPS Search engine operative to Search 
the carrier-modulated signal for GPS signals over a variable 
number of carrier timing hypotheses. A mobile terminal 
includes a mobile communications transceiver, a GPS 
receiver, and a common frequency Source that provides a 
common frequency reference Signal for the mobile commu 
nications transceiver and the GPS receiver of the mobile 
terminal. The common frequency Source includes an auto 
matic frequency control (AFC) circuit operative to adjust a 
frequency of the common frequency reference Signal 
responsive to interaction of the mobile communications 
transceiver and a wireless communications system. The GPS 
receiver is configured to define a carrier timing Search range 
thereof to accommodate the automatic adjustment of the 
frequency of the common frequency reference Signal. 

Search Over first search space spanning first number 210 
of Carrier timing hypotheses and first number of code 

timing hypotheses to acquire first GPS signal 

Define second search space spanning second 220 
number of carrier timing hypotheses and second 

number of code timing hypotheses 

Search second search space to acquire 230 
second GPS signal 

  



Patent Application Publication Feb. 16, 2006 Sheet 1 of 5 US 2006/0033658A1 

130 - - -4- Adaptive 
GPS 1OO 

GPS Receiver 

GPS-Enabled Device 
(e.g., Mobile Terminal) 

FIG. 1 

Search over first search space spanning first number 210 
of Carrier timing hypotheses and first number of code 

timing hypotheses to acquire first GPS signal 

Define second search space spanning second 220 
number of Carrier timing hypotheses and second 

number of code timing hypotheses 

Search second search space to acquire 230 
second GPS signal 

FIG 2 

  



Patent Application Publication Feb. 16, 2006 Sheet 2 of 5 US 2006/0033658A1 

Search over first number of IF frequency hypotheses 
based on assumed IF frequency errors (e.g., local 310 
Oscillator and/or potential Doppler shifts) and first 
number of code phases to acquire first GPS signal 

Obtain information responsive to acquired first GPS 320 
Signal 

Reduce code phase search space based on 330 
acquired information and increase number of carrier 
frequency hypotheses (e.g., increase resolution) 

Search for second GPS signal in revised search 340 
Space 

FIG. 3 

  



Patent Application Publication Feb. 16, 2006 Sheet 3 of 5 US 2006/0033658A1 

r 

CD 

  

  

  

  

  



Patent Application Publication Feb. 16, 2006 Sheet 4 of 5 US 2006/0033658A1 

Automatically adjust frequency of frequency 
reference signal responsive to interaction of mobile 510 

Communications transceiver and Wireless 
communications system 

Define carrier timing search range of GPS 52O 
receiver to accommodate the automatic adjustment 
of the frequency of the frequency reference signal 

FIG. 5 

Define carrier frequency search range for potential 610 
Doppler shifts with respect to nominal carrier 

frequency -- 

Define one or more supplemental carrier timing 62O 
search ranges correponding to potential AFC-created 

changes in frequency reference signal 

FIG. 6 

  



Patent Application Publication Feb. 16, 2006 Sheet 5 of 5 US 2006/0033658A1 

Define carrier timing search range for potential 710 
Doppler shifts with respect to nominal carrier 

frequency 

Shift search range response to detecting AFC 720 
operation 

FIG. 7 

  



US 2006/0033658 A1 

APPARATUS, METHODS AND COMPUTER 
PROGRAM PRODUCTS FOR GPS SIGNAL 

ACQUISITION USING ANADAPTIVE SEARCH 
ENGINE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to spread-spectrum 
communications, and more particularly, to apparatus, meth 
ods and computer program products for acquiring spread 
Spectrum signals. 

0002) The Global Positioning System (GPS) is a space 
based navigational communications System fielded by the 
United States government that uses Satellites and associated 
ground-based components to provide positional information 
around the earth. Advantages of this navigational System 
over land-based Systems include Worldwide and continuous 
coverage, which may be highly accurate regardless of 
weather conditions. A similar system, the Global Orbiting 
Navigational Satellite System (GLONASS), is operated by 
the Russian Federation (the former Soviet Union), and 
another similar System, Galileo, will Soon be deployed by 
the European Union and the European Space Agency. 
0003) In operation, GPS satellites orbit the earth and 
continually emit GPS radio signals. A GPS receiver, e.g., a 
portable device with a GPS processor, receives the radio 
Signals from Visible Satellites and measures the time that the 
radio signal takes to travel from the GPS satellites to the 
GPS receiver antenna and, from this information, calculates 
a range for each acquired Satellite, which may be used to 
determine terrestrial position of the receiver. Standalone 
GPS receivers are widely used by military forces, mariners, 
hikers, and Surveyors. GPS capability may also be provided 
in mobile communications terminals (e.g., cellular handsets) 
to provide position location functionality that may be used, 
for example, for location based services (LBS). 
0004 Ephemeris information provided in the GPS satel 

lite radio signal typically describes the Satellite's orbit and 
Velocity, which can be used to calculate the position of a 
GPS receiver. Generation of an accurate positional fix by a 
GPS receiver typically requires the acquisition of a set of 
navigational parameters from the navigational data Signals 
from at least three GPS satellites. 

0005. An acquisition process for a GPS satellite signal 
may involve detection of a modulation code of the spread 
Spectrum GPS Signal, So that it can be demodulated to obtain 
timing and/or Satellite ephemeris information. Generally, the 
amount of Searching required to detect the code can be 
reduced proportionate to the amount (or accuracy) of a priori 
timing and/or position information the GPS receiver poS 
sesses at the start of the search. For example, if the GPS 
receiver has a priori information of which GPS satellites are 
Visible and information on the trajectories of these Satellites, 
the receiver can reduce the number of satellites for which the 
receiver Searches and the range of Doppler shifts and/or 
code phase shifts the receiver Searches. 
0006. Many GPS receivers are programmed with alma 
nac data, which coarsely describes the expected Satellite 
positions for up to one year ahead. A GPS-enabled device, 
Such as a mobile Station, may be configured to receive 
assistance data that enables the device to roughly estimate its 
position with respect to the satellites of the GPS system. For 
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example, local time and position estimates, Satellite ephem 
eris and clock information, and visible satellite list (which 
varies with the location of the mobile station) may be 
transmitted to such a GPS-enabled device from terrestrially 
based infrastructure, Such as a cellular network. Such assis 
tance data can permit a GPS receiver to expedite the Signal 
acquisition process. 

0007. A typical GPS-enabled device includes a radio 
processor that downconverts a radio signal received from an 
antenna to an intermediate frequency (IF) signal, which is 
then demodulated at each of a plurality of discrete IF 
frequencies corresponding to a range of possible frequency 
errors that may be attributable to Doppler shift due to 
relative movement of the device and the transmitting Satel 
lite, local oscillator frequency errors, and other Sources. 
Each of the demodulated signals is then correlated with the 
Satellite's assigned spreading code at each of a plurality of 
time shifts to generate correlation information that is used to 
determine the timing of the Satellite's spread-spectrum Sig 
nal. The receiver may then use this timing information to 
further demodulate the Satellite data Signal and determine its 
propagation time. 

SUMMARY OF THE INVENTION 

0008. In some embodiments of the present invention, 
methods of acquiring GPS Signals are provided. A first 
Search space spanning a first number of carrier timing (e.g., 
frequency/period) hypotheses and a first number of code 
timing (e.g., frequency and/or phase) hypotheses is searched 
using, for example, a digital signal processor (DSP) based 
Search engine, to acquire a first GPS Signal. Responsive to 
acquisition of the first GPS Signal, a Second Search Space 
Spanning a Second number of carrier timing hypotheses and 
a Second number of code timing hypotheses is defined, 
wherein the Second number of carrier timing hypotheses is 
different than the first number of frequency hypotheses. The 
Second Search Space is Searched to acquire a Second GPS 
Signal. For example, the Second number of carrier timing 
hypotheses may be greater than the first number of carrier 
timing hypotheses and the Second number of code timing 
hypotheses may be less than the first number of code timing 
hypotheses. According to additional embodiments, the Sec 
ond Search Space may be defined to include at least one 
carrier frequency range corresponding to a frequency shift 
attributable to the local frequency Source, for example, a 
common frequency Source (e.g., crystal oscillator) shared 
with a mobile communications transceiver and having an 
automatic frequency control (AFC) circuit that varies the 
frequency of the common Source. 
0009. In additional embodiments of the present inven 
tion, a GPS-enabled mobile terminal includes a common 
frequency Source that provides a common frequency refer 
ence Signal for a mobile communications transceiver and a 
GPS receiver of the mobile terminal. A frequency of the 
frequency reference Signal is adjusted responsive to inter 
action of the mobile communications transceiver and a 
wireleSS communications System. A carrier timing Search 
range of the GPS receiver is defined to accommodate the 
automatic adjustment of the frequency of the frequency 
reference Signal. For example, the frequency of the fre 
quency reference Signal may be adjusted in discrete incre 
ments, and the carrier timing Search range of the GPS 
receiver may be defined to include a carrier timing Search 
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range corresponding to an incremental change in the fre 
quency of the frequency reference Signal. The carrier timing 
search range of the GPS receiver may further be adjusted 
responsive to an AFC circuit, e.g., by receiving an indication 
from the AFC circuit and/or by detecting a Systematic 
frequency error. 

0010. In some embodiments of the present invention, a 
GPS receiver includes a digital signal processor (DSP) 
configured to receive a carrier-modulated Signal and to 
provide an adaptive GPS Search engine operative to Search 
the carrier-modulated signal for GPS signals over a variable 
number of carrier timing hypotheses. The GPS Search engine 
may be operative to Search over a first Search Space Spanning 
a first number of carrier timing hypotheses and a first 
number of code timing hypotheses to acquire a first GPS 
Signal. The GPS Search engine is further operative to define, 
responsive to acquisition of the first GPS Signal, a Second 
Search Space Spanning a Second number of carrier timing 
hypotheses and a Second number of code timing hypotheses, 
the Second number of carrier timing hypotheses different 
than the first number of carrier timing hypotheses, and to 
Search the Second Search Space to acquire a Second GPS 
Signal. 

0011. According to further embodiments of the present 
invention, a mobile terminal includes a mobile communi 
cations transceiver, a GPS receiver, and a common fre 
quency Source that provides a common frequency reference 
Signal for the mobile communications transceiver and the 
GPS receiver of the mobile terminal. The common fre 
quency Source includes an automatic frequency control 
(AFC) circuit operative to adjust a frequency of the common 
frequency reference Signal responsive to interaction of the 
mobile communications transceiver and a wireleSS commu 
nications system. The GPS receiver is configured to define 
a carrier timing Search range thereof to accommodate the 
automatic adjustment of the frequency of the common 
frequency reference Signal. The AFC circuit may be opera 
tive to adjust the frequency of the common frequency 
reference Signal in discrete increments, and the GPS receiver 
may be operative to define the carrier timing Search range to 
include a carrier timing Search range corresponding to an 
incremental change in the frequency of the common fre 
quency reference Signal. The GPS receiver may be operative 
to adjust the carrier timing Search range responsive to the 
AFC circuit. 

0012. In further embodiments of the present invention, 
computer program products for acquiring GPS Signals are 
provided. A computer program product includes computer 
program code embodied in a computer readable Storage 
medium, the computer program code comprising code con 
figured to Search over a first Search Space Spanning a first 
number of carrier timing hypotheses and a first number of 
code timing hypotheses to acquire a first GPS Signal, code 
configured to define, responsive to acquisition of the first 
GPS Signal, a Second Search Space Spanning a Second 
number of carrier timing hypotheses and a Second number of 
code timing hypotheses, the Second number of carrier timing 
hypotheses different than the first number of carrier timing 
hypotheses, and code configured to Search the Second Search 
Space to acquire a Second GPS Signal. 

0013 In some embodiments of the present invention, 
computer program products are provided for operating a 
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GPS receiver of a GPS-enabled mobile terminal including a 
common frequency Source that generates a common fre 
quency reference Signal for a mobile communications trans 
ceiver and the GPS receiver and that automatically adjusts a 
frequency of the common frequency reference Signal 
responsive to interaction of the mobile communications 
transceiver with a wireleSS communication System. A com 
puter program product includes computer program code 
embodied in a computer readable Storage medium, the 
computer program code comprising code configured to 
define a carrier timing Search range of the GPS receiver to 
accommodate the automatic adjustment of the frequency of 
the common frequency reference Signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a schematic diagram illustrating a GPS 
enabled apparatus according to Some embodiments of the 
present invention. 
0.015 FIGS. 2 and 3 are flowcharts illustrating exem 
plary operations of a GPS-enabled apparatus according to 
further embodiments of the present invention. 
0016 FIG. 4 is a schematic diagram of a GPS-enabled 
mobile terminal according to Some embodiments of the 
present invention. 
0017 FIGS. 5-7 are flowcharts illustrating exemplary 
operations of a GPS-enabled mobile terminal according to 
further embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0018. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which embodiments of the invention are shown. 
However, this invention should not be construed as limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided So that this disclosure will be thorough 
and complete, and will fully convey the Scope of the 
invention to those skilled in the art. Like numbers refer to 
like elements throughout. 
0019. It also will be understood that, as used herein, the 
terms “comprising”, “comprises”, “includes” and “includ 
ing” are open-ended, i.e., refer to one or more Stated 
elements, StepS and/or functions without precluding one or 
more unstated elements, StepS and/or functions. It will also 
be understood that the term “and/or” as used herein refers to 
and encompasses any and all possible combinations of one 
or more of the associated listed items. It will be further 
understood that when transfer, communication, or other 
interaction is described as occurring "between elements, 
Such transfer, communication or other interaction may be 
unidirectional and/or bidirectional. 

0020. The present invention is described below with 
reference to block diagrams and/or operational illustrations 
of methods and wireleSS terminals according to embodi 
ments of the invention. It will be understood that each block 
of the block diagrams and/or operational illustrations, and 
combinations of blockS in the block diagrams and/or opera 
tional illustrations, can be implemented by radio frequency, 
analog and/or digital hardware, and/or computer program 
instructions. These computer program instructions may be 
provided to a processor of a general purpose computer, 
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Special purpose computer, ASIC, and/or other program 
mable data processing apparatus, Such that the instructions, 
which execute via the processor of the computer and/or 
other programmable data processing apparatus, create 
means for implementing the functions/acts Specified in the 
block diagrams and/or operational illustrations. In Some 
alternate implementations, the functions/acts noted in the 
figures may occur out of the order noted in the block 
diagrams and/or operational illustrations. For example, two 
operations shown as occurring in Succession may, in fact, be 
executed Substantially concurrently or the operations may 
Sometimes be executed in the reverse order, depending upon 
the functionality/acts involved. 

0021 According to some embodiments of the present 
invention, electronic apparatus may include a radio commu 
nications circuit configured to provide operations described 
herein. Such apparatus may include any of a number of types 
of devices, including, but not limited to: cellular handsets, 
wireleSS headsets for use with telecommunications devices 
and/or computers, computers and peripherals that include a 
radio. interface; personal communication terminals that may 
combine a cellular wireless terminal with data processing, 
facsimile and data communications capabilities, and per 
Sonal data assistants (PDA) that can include a wireless 
transceiver, pager, Internet/intranet access, local area net 
work interface, wide area network interface, Web browser, 
organizer, and/or calendar. 

0022 Computer program code for carrying out opera 
tions of the present invention may be written in an object 
oriented programming language Such as JavaEM, Smalltalk 
or C++, a conventional procedural programming languages, 
Such as the “C” programming language, or lower-level code, 
Such as assembly language and/or microcode. The program 
code may execute entirely on a Single processor and/or 
acroSS multiple processors, as a Stand-alone Software pack 
age or as part of another Software package. 

0023 FIGS. 1 and 2 illustrate exemplary apparatus and 
operations thereof according to Some embodiments of the 
present invention. More particularly, FIG. 1 illustrates a 
GPS-enabled device 100 including a GPS receiver 110 that 
provides an adaptive GPS search engine 130, here shown as 
implemented in a digital signal processor 120. The adaptive 
GPS search engine 130 may use software-based carrier 
demodulation techniques as described, for example, in 
copending U.S. patent application Ser. No. , entitled 
Apparatus, Methods And Computer Program Products For 
Signal Acquisition Using Common Demodulation Tem 
plates (Attorney Docket No. U040115/9314-85), filed con 
currently herewith and incorporated by reference herein in 
its entirety. In the aforementioned application, a Search 
algorithm may include carrier demodulation for multiple 
carrier frequency hypotheses by applying a common carrier 
demodulation template to Signal Samples that are appropri 
ately manipulated to account for timing differences between 
the reference carrier frequency of the template and the 
various carrier frequency hypotheses. 

0024. Such a software-based approach may allow for 
generation of Search Spaces with a fully adaptive carrier 
timing dimensions, i.e., the number and resolution of the 
frequency hypotheses may be readily varied, which con 
trasts with conventional receivers that use a fixed number of 
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frequency hypotheses. Thus, for example, the number of 
Doppler hypotheses tested can be increased as more GPS 
Signals are acquired. 

0025. As shown in FIG. 2, in some embodiments, the 
Search engine 130 may be configured to Search over a first 
Search Space Spanning a first number of carrier timing 
hypotheses and a first number of code timing hypotheses to 
acquire a first GPS signal (block 210). Responsive to acqui 
sition of the first GPS signal, the GPS search engine defines 
a Second Search Space Spanning a Second number of carrier 
timing hypotheses and a Second number of code timing 
hypotheses, wherein the Second number of carrier timing 
hypotheses is different, e.g., greater, than the first number of 
carrier timing hypotheses (block 220). The GPS search 
engine 130 is operative to Search the Second Search Space to 
acquire a second GPS signal (block 230). It will be appre 
ciated that the number of carrier timing hypotheses, the 
number of code timing hypotheses, and the integration time 
over which a search is performed (e.g., over which corre 
lation metrics are accumulated) may, in general, be chosen 
to optimize particular performance parameters, Such as 
initial time to fix, mean time to fix and/or accuracy. 
0026. It may be desirable to increase the number carrier 
timing hypotheses for Several reasons. For example, after an 
initial GPS Signal is acquired, it may be desirable to Search 
for multiple additional GPS signals simultaneously. As 
Searching for each of these typically will require a Search 
over a carrier timing (Doppler) search range, the total 
number of carrier timing hypotheses may increase. In addi 
tion, when Searching for increasingly weaker GPS Signals, it 
may be desirable to provide finer Doppler resolution, thus 
increasing the number of carrier timing hypotheses. 
0027. As will be understood by those skilled in the art, 
acquisition of a GPS Signal may involve reception of a radio 
frequency (RF) Signal (e.g., an L1 Signal), downconversion 
of the received signal to an intermediate frequency (IF) 
Signal, and demodulation of the IF Signal to acquire the GPS 
Signal therein. FIG. 3 illustrates exemplary operations using 
an adaptive approach for Searching for a GPS Signal in Such 
an IF signal according to further embodiments of the present 
invention. 

0028. A GPS search engine searches over a first number 
of intermediate frequency (IF) hypotheses based on, for 
example, assumed IF frequency errors (e.g., Doppler shifts 
and/or local oscillator errors) and a first number of code 
phase hypotheses (block 310). For example, for a device 
Seeking to acquire a first GPS Signal as part of generating an 
initial position fix, the GPS Search engine might possess 
ephemeris data from an almanac and/or from an assistance 
data channel (e.g., from a cellular base station or other 
terrestrial GPS assistance data Source), and might use this 
information to determine a range of Doppler shifts that may 
apply to acquiring a Signal from a particular GPS Satellite. 
The first number of IF frequency hypotheses may be defined 
to cover this range of Doppler shifts. The IF frequency 
hypotheses might also be defined to account for known 
errors of a frequency Source used by the device for demodu 
lating received radio signals. 
0029) Responsive to acquisition of a first GPS signal, the 
GPS Search engine may then obtain, for example, more 
accurate information as to the timing of the GPS system 
relative to the terminal's own internal time base and/or the 
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terminal's position with respect to the GPS satellites (block 
320). Using an adaptive DSP-based structure, the GPS 
Search engine's Search Space can be adapted, responsive to 
information from the first acquired signal, to provide a 
greater number of IF frequency hypotheses and a lesser 
number of code phase hypotheses (block330), which is used 
to search for a second GPS signal (block 340). In this 
manner, for example, a much finer Search of the IF frequency 
dimension could be provided for the second GPS signal (and 
for Successive signals). 
0.030. According to further embodiments of the present 
invention, a mobile communications terminal may include a 
mobile communications transceiver and a GPS receiver that 
share a common frequency reference. The GPS receiver may 
be configured to provide an adaptive Search engine along the 
lines described above and which may be used to compensate 
for automatic frequency control (AFC) associated with the 
mobile communications transceiver. 

0031 FIG. 4 illustrates a GPS-enabled mobile terminal 
400 according to some embodiments of the present inven 
tion. The terminal 400 includes a mobile communications 
transceiver 420 that is configured to communicate with 
components of a wireleSS communications System, e.g., a 
base station 20. The terminal 400 further includes an adap 
tive GPS receiver 410, e.g., a receiver that includes a 
DSP-based adaptive GPS search engine as described above, 
which is operative to receive GPS signals from one or more 
GPS satellites 10. The terminal also includes a common 
frequency Source 430 that generates a common frequency 
reference signal 433 that is used by the mobile communi 
cations transceiver 420 and the adaptive GPS receiver 410. 
0.032 For example, the common frequency source 430 
may comprise a crystal oscillator circuit, and the common 
frequency reference signal 433 may comprise a nominal 13 
or 19.2 MHZ clock signal produced by the crystal oscillator 
circuit and used by the mobile communications transceiver 
420. The common frequency reference signal 433 may be 
divided down by the GPS receiver 410 for use as a timing 
reference for its demodulation operations. 
0033) As shown for the embodiments of FIG. 4, the 
common frequency source 430 includes an AFC circuit 432 
that adjusts the frequency of the common frequency refer 
ence Signal 433 responsive to communication by the mobile 
communications transceiver 420, for example, to Synchro 
nize the common frequency reference Signal 433 to a 
frequency of the base station 20. Such adjustment may be 
done in incremental StepS. 
0034). It will be understood that the action of the AFC 
circuit 432 may, thus, affect the operation of the adaptive 
GPS receiver 410, e.g., may introduce frequency errors due 
to changes in the common frequency reference Signal. For 
example, shifts in the reference frequency Supplied to the 
GPS receiver 410 may cause a displacement of the receiv 
er's Search Space in the carrier frequency dimension Such 
that the carrier frequency of the Signal being Searched for 
may no longer be within the Search Space. According to 
further embodiments of the present invention, an adaptive 
GPS search engine along the lines described above with 
reference to FIGS. 1-3 may be configured to accommodate 
Such AFC-introduced effects. 

0035). For example, as shown in FIG. 5, the AFC circuit 
432 may adjust the frequency of the common frequency 
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reference Signal responsive to interaction of the mobile 
communications transceiver 420 and the wireleSS commu 
nications system (block 510). The adaptive GPS receiver 
410 may define a carrier timing (e.g., frequency) Search 
range to accommodate the automatic adjustment of the 
frequency of the common frequency reference Signal, e.g., 
by extending a range of frequency hypotheses Searched to 
incorporate hypotheses associated with possible AFC-in 
duced shifts (Block 520). For example, as shown in FIG. 6, 
the Search engine could define a carrier timing Search range 
corresponding to a nominal frequency for the frequency 
reference plus hypotheses corresponding to expected Dop 
pler shifts of the GPS signal being sought (block 610), along 
with one or more auxiliary ranges of carrier timing hypoth 
eses that correspond to Such Doppler shifts coupled with 
potential Step increases and/or decreases in the frequency of 
the GPS receiver's frequency reference signal (block 620). 
Such auxiliary ranges could be determined, for example, by 
computation and/or by accessing a lookup table that relates 
AFC increments to carrier timing shifts. It will be under 
stood that the expanded Search Space may be contiguous or 
Segmented. 

0036) As shown in FIG. 7, alternatively, or in addition to, 
the operations shown in FIG. 6, the GPS search engine 
could define a carrier timing Search range for a current 
nominal frequency reference Signal frequency (710), and 
could then shift the Search range responsive to detection of 
an AFC-induced shift in the reference Signal frequency 
(block 720). Such a shift could occur, for example, respon 
sive to information provided to the GPS receiver from the 
AFC circuit, as shown in dashed line in FIG. 4, and/or could 
occur responsive to detecting a Systematic carrier timing 
error when searching for GPS signals. 
0037 FIGS. 1-7 illustrate architecture, functionality, and 
operations of possible implementations of apparatus, meth 
ods and computer program products according to various 
embodiments of the present invention. It should also be 
noted that, in Some alternative implementations, the acts 
noted in the diagrams may occur out of the order noted in the 
figures. For example, two operations shown in Succession 
may, in fact, be executed Substantially concurrently, or the 
operations may Sometimes be executed in the reverse order, 
depending upon the functionality involved. 
0038. In the drawings and specification, there have been 
disclosed typical illustrative embodiments of the invention 
and, although specific terms are employed, they are used in 
a generic and descriptive Sense only and not for purposes of 
limitation, the Scope of the invention being Set forth in the 
following claims. 

That which is claimed: 
1. A method of acquiring GPS Signals, the method com 

prising: 

Searching over a first Search Space Spanning a first number 
of carrier timing hypotheses and a first number of code 
timing hypotheses to acquire a first GPS Signal; 

responsive to acquisition of the first GPS Signal, defining 
a Second Search Space Spanning a Second number of 
carrier timing hypotheses and a Second number of code 
timing hypotheses, wherein the Second number of 
carrier timing hypotheses is different than the first 
number of frequency hypotheses, and 
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Searching the Second Search Space to acquire a Second 
GPS signal. 

2. A method according to claim 1, wherein the Second 
number of carrier timing hypotheses is greater than the first 
number of carrier timing hypotheses. 

3. A method according to claim 1, wherein the Second 
number of code timing hypotheses is less than the first 
number of code timing hypotheses. 

4. A method according to claim 1, wherein the Second 
Search Space has a greater carrier frequency resolution that 
the first Search Space. 

5. A method according to claim 1, wherein the Second 
Search Space has a lesser carrier timing Search range than the 
first Search Space. 

6. A method according to claim 1: 
wherein Searching over a first Search Space Spanning a 

first number of carrier timing hypotheses and a first 
number of code timing hypotheses to acquire a first 
GPS Signal comprises Searching for a first integration 
period; and 

wherein Searching the Second Search Space to acquire a 
Second GPS Signal comprises Searching for a Second 
integration period greater than the first integration 
period. 

7. A method according to claim 1: 

wherein Searching the Second Search Space to acquire a 
Second GPS signal comprises demodulating a radio 
Signal responsive to a local frequency Source; and 

wherein defining a Second Search Space Spanning a Second 
number of carrier timing hypotheses and a Second 
number of code timing hypotheses comprises defining 
the Second Search Space to include at least one carrier 
timing Search range corresponding to a frequency shift 
attributable to the local frequency Source. 

8. A method according to claim 7, wherein the local 
frequency Source comprises a common frequency Source for 
a mobile communications transceiver and a GPS receiver of 
a mobile terminal, the common frequency Source producing 
a common frequency reference Signal having a frequency 
that is automatically adjusted responsive to interaction of the 
mobile communications transceiver and a wireleSS commu 
nications System, and wherein defining the Second Search 
Space to include at least one carrier timing Search range 
corresponding to a frequency shift attributable to the local 
frequency Source comprises defining a carrier timing Search 
range of the GPS receiver to accommodate the automatic 
adjustment of the frequency of the common frequency 
SOCC. 

9. A method according to claim 8, wherein defining a 
carrier timing Search range of the GPS receiver to accom 
modate the automatic adjustment of the frequency of the 
common frequency reference Signal comprises including a 
carrier timing Search range corresponding to an incremental 
change in the frequency of the common frequency reference 
Signal. 

10. A method according to claim 8, wherein the mobile 
terminal includes an automatic frequency control (AFC) 
circuit that automatically adjusts the frequency of the com 
mon frequency reference Signal, and wherein defining a 
carrier timing Search range of the GPS receiver to accom 
modate the automatic adjustment of the frequency of the 
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common frequency reference Signal comprises adjusting the 
carrier timing Search range of the GPS receiver responsive 
to the AFC circuit. 

11. A method of operating a GPS-enabled mobile terminal 
that includes a common frequency Source that provides a 
common frequency reference Signal for a mobile commu 
nications transceiver and a GPS receiver of the mobile 
terminal, the method comprising: 

automatically adjusting a frequency of the common fre 
quency reference Signal responsive to interaction of the 
mobile communications transceiver and a wireleSS 
communications System; and 

defining a carrier timing Search range of the GPS receiver 
to accommodate the automatic adjustment of the fre 
quency of the common frequency reference Signal. 

12. A method according to claim 11: 
wherein automatically adjusting a frequency of the com 
mon frequency reference Signal responsive to interac 
tion of the mobile communications transceiver and a 
wireleSS communications System comprises adjusting 
the frequency of the common frequency reference 
Signal in discrete increments, and 

wherein defining a carrier timing Search range of the GPS 
receiver to accommodate the automatic adjustment of 
the frequency of the common frequency reference 
Signal comprises including a carrier timing Search 
range corresponding to an incremental change in the 
frequency of the common frequency reference Signal. 

13. A method according to claim 11, wherein the mobile 
terminal includes an automatic frequency control (AFC) 
circuit that automatically adjusts the frequency of the ref 
erence Signal, and wherein defining a carrier timing Search 
range of the GPS receiver to accommodate the automatic 
adjustment of the frequency of the common frequency 
reference signal comprises adjusting the carrier timing 
search range of the GPS receiver responsive to the AFC 
circuit. 

14. A GPS receiver, comprising: 
a digital signal processor (DSP) configured to receive a 

carrier-modulated Signal and to provide an adaptive 
GPS Search engine operative to Search the carrier 
modulated signal for GPS signals over a variable 
number of carrier timing hypotheses. 

15. A GPS receiver according to claim 14, wherein the 
GPS Search engine is operative to Search over a first Search 
Space Spanning a first number of carrier timing hypotheses 
and a first number of code timing hypotheses to acquire a 
first GPS Signal, to define a Second Search Space Spanning a 
Second number of carrier timing hypotheses and a Second 
number of code timing hypotheses, the Second number of 
carrier timing hypotheses different than the first number of 
carrier timing hypotheses, responsive to acquisition of the 
first GPS Signal and to Search the Second Search Space to 
acquire a Second GPS Signal. 

16. A GPS receiver according to claim 15, wherein the 
Second number of carrier timing hypotheses is greater than 
the first number of carrier timing hypotheses. 

17. A GPS receiver according to claim 15, wherein the 
Second number of code timing hypotheses is less than the 
first number of code timing hypotheses. 

18. A GPS receiver according to claim 15, wherein the 
GPS Search engine is operative to demodulate the carrier 
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modulated Signal responsive to a local frequency Source and 
to define the Second Search Space to include at least one 
carrier timing Search range corresponding to a frequency 
shift attributable to the local frequency Source. 

19. A GPS receiver according to claim 18, wherein the 
local frequency Source comprises a common frequency 
Source for a mobile terminal transceiver and the GPS 
receiver in a mobile terminal, the common frequency Source 
producing a common frequency reference signal having a 
frequency that is automatically adjusted responsive to inter 
action of the mobile communications transceiver and a 
wireless communications system, and wherein the GPS 
Search engine is operative to define a carrier timing Search 
range thereof to accommodate the automatic adjustment of 
the frequency of the common frequency reference Signal. 

20. A mobile terminal, comprising: 
a mobile communications transceiver; 
a GPS receiver; and 
a common frequency Source that provides a common 

frequency reference signal for the mobile communica 
tions transceiver and the GPS receiver of the mobile 
terminal, the common frequency Source including an 
automatic frequency control (AFC) circuit operative to 
adjust a frequency of the common frequency reference 
Signal responsive to interaction of the mobile commu 
nications transceiver and a wireleSS communications 
System, 

wherein the GPS receiver is configured to define a carrier 
timing Search range thereof to accommodate the auto 
matic adjustment of the frequency of the common 
frequency reference Signal. 

21. A mobile terminal according to claim 20: 
wherein the AFC circuit is operative to adjust the fre 

quency of the common frequency reference Signal in 
discrete increments, and 

wherein the GPS receiver is operative to define the carrier 
timing Search range to include a carrier timing Search 
range corresponding to an incremental change in the 
frequency of the common frequency reference Signal. 

22. A mobile terminal according to claim 21, wherein the 
GPS receiver is operative to define the carrier timing search 
range to include respective carrier timing Search ranges 
corresponding to respective automatic incremental increases 
and decreases in the frequency of the common frequency 
reference Signal. 

23. A mobile terminal according to claim 20, wherein the 
GPS receiver is operative to adjust the carrier timing Search 
range responsive to the AFC circuit. 

24. A computer program product for acquiring GPS 
Signals, the computer program product including computer 
program code embodied in a computer readable Storage 
medium, the computer program code comprising: 
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code configured to Search over a first Search Space Span 
ning a first number of carrier timing hypotheses and a 
first number of code timing hypotheses to acquire a first 
GPS signal; 

code configured to define, responsive to acquisition of the 
first GPS Signal, a Second Search Space Spanning a 
Second number of carrier timing hypotheses and a 
Second number of code timing hypotheses, the Second 
number of carrier timing hypotheses different than the 
first number of frequency hypotheses, and 

code configured to Search the Second Search Space to 
acquire a Second GPS Signal. 

25. A computer program product according to claim 24, 
wherein the Second number of carrier timing hypotheses is 
greater than the first number of carrier timing hypotheses. 

26. A computer program product according to claim 24: 
wherein the code configured to Search the Second Search 

Space to acquire a Second GPS Signal comprises code 
configured to demodulate a carrier-modulated Signal 
responsive to a local frequency Source; and 

wherein the code configured to define a Second Search 
Space Spanning a Second number of carrier timing 
hypotheses and a Second number of code timing 
hypotheses comprises code configured to define the 
Second Search Space to include at least one carrier 
timing Search range corresponding to a frequency shift 
attributable to the local frequency Source. 

27. A computer program product for operating a GPS 
receiver of a GPS-enabled mobile terminal including a 
common frequency Source that generates a common fre 
quency reference Signal for a mobile communications trans 
ceiver and the GPS receiver and that automatically adjusts a 
frequency of the common frequency reference Signal 
responsive to interaction of the mobile communications 
transceiver, the computer program product comprising com 
puter program code embodied in a computer readable Stor 
age medium, the computer program code comprising: 

code configured to define a carrier timing Search range of 
the GPS receiver to accommodate the automatic adjust 
ment of the frequency of the common frequency ref 
erence signal. 

28. A computer program product according to claim 27, 
wherein common frequency Source adjusts the frequency of 
the common frequency reference Signal in discrete incre 
ments, and wherein the code configured to define a carrier 
timing Search range of the GPS receiver to accommodate the 
automatic adjustment of the frequency of the common 
frequency Source comprises code configured to include a 
carrier timing Search range corresponding to an incremental 
change in the frequency of the common frequency reference 
Signal. 


